Introduction
Postal questionnaire surveys are a widely used instrument for acquiring patient-reported data for scientific research purposes. Several quality criteria of a questionnaire survey have to be taken into account, especially a representative sample of the target population and a sufficiently high response rate, to ensure the generalizability of the results found within the sample [1, 2] . Both the quantitative consideration of the response rate and a qualitative analysis of the nonrespondents are of vital importance for the quality of a survey because a loss of certain subgroups may result [2] [3] [4] . This kind of selection may lead to systemic differences and biases, such that the representativeness of the outcome is influenced as certain features of the sample are not equally gathered which may limit the generalizability of results [3] [4] [5] [6] [7] . The reasons for nonresponse are diverse in systemic and individual ways, but questionnaire surveys often have a higher nonresponse rate compared to other types of surveys [3, 8] . Unfortunately, in most cases, only a little information is known about the process of dropout because these data are not explicitly collected, which is why nonresponse studies are usually difficult to implement [2, 3, 9] .
In previous studies, survey respondents and nonrespondents have been compared concerning diverse characteristics. Differences in age, sociodemographic status, health-related behavior, and health status were frequently found [5, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Associations with higher age, lower education level, living alone, unfavorable health behaviors, and worse health status were found among nonrespondents. In contrast, some studies state no or only little differences between respondents and nonrespondents, and a few describe better health or sociodemographic characteristics to be associated with nonresponse [24] [25] [26] [27] . However, only few data have been published about nonresponse comparisons in breast cancer populations. The authors of these studies found higher disease stages, more invasive surgery, and older age to be associated with a lower response rate.
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Yet, some studies found little or no difference between respondents and nonrespondents [28] [29] [30] [31] .
The aim of this study was to explore differences regarding age, medical conditions, and therapy between respondents and nonrespondents of a postal questionnaire survey among breast cancer patients. This is of importance because of the notable scientific relevance of questionnaire surveys on the one hand and breast cancer as the most frequent malignant tumor disease among women on the other hand [32] . In detail, this study investigated if respondents and nonrespondents differed regarding the attributes of age, affected breast, UICC (Union for International Cancer Control) staging and grading, ASA (American Society of Anesthesiologists) classification, neoadjuvant chemotherapy, and type of surgery.
Patients and Methods

Design and Measurement Methods
For the present investigation, data based on a large-scale cross-sectional survey was analyzed as a substudy. The recruitment of patients within the main study took place in the context of the mandatory annual routine (re-)certification of accredited breast centers in North Rhine-Westphalia in 2010, which involved 52 breast centers covering 93 hospitals. The Cologne Patient Questionnaire for Breast Cancer (CPQ-BC) was used for this purpose. This instrument assesses the patients' perception on hospital organization, interaction with staff, quality of the accommodation, quality of information provided about the treatment and psychosocial support, and overall satisfaction. In addition, health-related quality of life, sociodemographic, and therapy information of the patients was collected [33] .
Hospitalized patients who met the inclusion criteria were asked to participate in the survey. The inclusion criteria covered all patients who had under- and for whom a definitive diagnosis and at least 1 postoperative histology were confirmed. There were no explicit exclusion criteria. Those who consented were mailed the questionnaire within 1 week of being discharged. After providing consent, additional medical and therapeutic information about all participants was gathered by the hospital staff and sent to the institution conducting the research.
The study was evaluated positively by the ethical review committee of the Cologne University Hospital and was conducted according to the Total Design Method by Dillman [34] with 3 contacts. Further details about the mandatory annual routine (re-)certification of accredited breast centers in North RhineWestphalia are reported in a publication by Kowalski et al. [35] .
Study Population
Out of 4,944 patients, 4,444 gave their approval to participate in the study. 3,856 persons returned a completed questionnaire to the conducting institute and 588 did not, resulting in a response rate of 87%. All 19 male participants were excluded from this analysis. The study population thus consisted of 4,425 patients, subdivided into 3,840 respondents and 585 nonrespondents.
Statistics
To compare respondents with nonrespondents, the variables age group (18-39, 40-49, 50-59, 60-69, 70-79, and 80 years and older), affected breast (right, left, both), UICC staging (0-IV), grading (G1-3), ASA classification (1-5), neoadjuvant chemotherapy (yes/no), and type of surgery (breast-conserving, mastectomy) were investigated. The analysis of these variables included counts and percentages as well as a chi-square test. The variables which were statistically significant in bivariate tests were then included in a logistic regression model to obtain odds ratios with 95% confidence intervals. The p values of the Wald test were also provided. The significance level was set to α = 0.05, meaning a p value < 0.05 was regarded as statistically significant. All p values were two-sided. Missing data was not imputed due to the explorative character of the study. The data was analyzed using the statistical software IBM SPSS Statistics 22 (IBM Corp., Armonk, NY, USA).
Results
The characteristics of the study population are presented in table 1. Significant bivariate differences (p < 0.05) between the group of respondents (3,840, 86.8%) and the group of nonrespondents (585, 13.2%) were observed for the variables age group, UICC staging, ASA classification, and type of surgery. Higher proportions of nonrespondents were found in very young and very old patients, those with later disease stages and more severe comorbidity, and among patients having undergone mastectomy. These significant variables were included as independent variables in a logistic regression analysis to investigate the specific differences of both groups using odds ratios. The logistic regression model was based on 3,312 patients providing complete information on all 4 of these variables. The reference category of the dependent variable was set to 'questionnaire returned: yes'.
The results are presented in table 2 which lists the odds ratios for the independent variable subitems referring to the following reference categories: '60-69 years,' 'stage I', 'ASA 1', and 'breastconserving'. 95% confidence intervals are presented in brackets. Logistic regression analysis showed that very young (18-39 years) patients and patients older than 80 years sent back their questionnaires significantly less frequently than the reference category '60-69 years', as did patients with higher disease stages (II and III) compared to the reference category 'stage I', patients categorized as ASA 3-5 representing a worse physical health status compared to the reference category 'ASA 1', and patients who had undergone mastectomy compared to less invasive 'breast-conserving' surgery.
Discussion and Conclusion
In this cross-sectional investigation of a postal questionnaire survey conducted in the North Rhine-Westphalian breast centers, respondents and nonrespondents were compared regarding differences in age, medical conditions, and therapy. The results show that statistically significant differences exist between both groups. Very young (18-39 years old) and very old (> 80 years old) patients returned their questionnaires significantly less often compared to patients aged between 60 and 69 years. An explanation could be the higher psychological burden of falling ill at a young age on the one hand and a lack of cognitive and physical efficiency at an older age on the other hand. The higher rate of advanced disease stages (UICC stage II and III) compared to a lower stage (UICC stage I) and more morbid patients (ASA 3-5) compared to healthier pa- tients (ASA 1) among nonrespondents may be associated with aspects of the practical realization of completing a written questionnaire. Reduced mobility and more intensive therapies with more restrictions and limitations together with longer exposure times may be some of the reasons. Regarding the type of surgery, nearterm follow-up hospitalizations and assumably higher psychological burdens may follow after mastectomy with the result that questionnaires are returned less often. Presumably, patients for whom this type of surgery had been chosen are also older on average or suffer from higher disease stages.
These findings are in accordance with previous research about questionnaire nonresponse in breast cancer studies. Katz et al. [28] also found that nonrespondents were more likely to have stage II disease in comparison to lower stages and to have received mastectomy compared to breast-conserving therapy. Their results stated that respondents and nonrespondents were of similar age; however, only women aged 50-79 years were included while very young and very old patients were not represented. Ahmed et al. [30] found that nonrespondents compared with respondents were more likely to be older than 62 years (study population 18-80 years) and to have regional or distant disease spread and positive lymph nodes meaning a higher tumor stage. In contrast, in a casecontrol study conducted by Madigan et al. [31] , respondents and nonrespondents appeared to be similar with respect to age; however, their study included women 20-54 years of age, so very old women were not represented. Arndt et al. [29] presented results of their breast cancer study in which respondents and nonrespondents were similar in terms of age and comorbidity status, but tumor stage was more favorable among respondents.
In previous studies among target populations other than breast cancer patients, nonresponse was associated with older or younger age and a worse health status. Christensen et al. [15] compared respondents and nonrespondents regarding morbidity and risk factor-related mortality in Denmark and found indications of a more unfavorable health behavior among nonrespondents. Melton et al. [10] , just as Korkeila et al. [11] and Launer et al. [14] , described nonresponse to be associated with older age, lower educational level, living alone, and worse health status. Also Rupp et al. [5] rated the probability of not responding greater for older age groups and, as well as Nummela et al. [22] , Beard et al. [23] , Etter and Perneger [19] , and Hoeymans et al. [21] , for subjects with poorer health. Van Loon et al. [13] said that response rates were found to be lower among younger people and those that live an unhealthier lifestyle and show a lower socioeconomic status. Further, in several investigations by Tolonen et al. [16] [17] [18] , the stated differences were confirmed. The majority of these studies associated the differences with nonresponse bias. These findings allow us to draw parallels to the results of the present investigation.
Contradictory findings were described by van den Akker et al. [24] and Adams et al. [25] who stated that there was no difference between respondents and nonrespondents, as well as Sugisawa et al. [26] and Milne et al. [27] who even found nonrespondents to be in better health.
The scientific relevance of nonresponse effects has been frequently mentioned in connection with the limiting aspects of healthcare surveys [36] [37] [38] . Der Wiel et al. [39] confirmed that it is generally not sufficient to raise the response rate in order to avoid selection and biases. Data from nonresponse comparisons in breast cancer populations have rarely been published, so the present study contributes important knowledge on this topic. In consideration of that, this study seeks to call attention to problematic consequences of utilizing postal breast cancer survey results. In the future, further research is required to develop methods that minimize difficulties of selection bias and to ensure and optimize the quality of questionnaire survey research as a widely used scientific instrument. Further research in this field is necessary to reveal potential causes and to develop methodological adjustment processes in order to select or avoid these error sources, e.g. by case mix adjustments or emphases.
Strengths of this investigation are the relatively large sample and high response rate strengthening the representativeness of the findings and reducing random effects. Furthermore, the comparison of respondents and nonrespondents was possible because additional information about nonrespondents had been explicitly gathered by the hospital staff. This is often difficult due to limitations of available data from nonrespondents. Nonetheless, some limitations need to be considered when interpreting the study results. Firstly, the patient population was a local and specifically determined selection of the North Rhine-Westphalian breast centers. Participation was of course voluntary and raises the question of whether patients who denied participation beforehand already implied biases and error sources [40] . Unfortunately, no information was available pertaining to these patients. Volunteer research participants are known to be healthier than the general population, so the healthy volunteer effect should be mentioned as a bias source in this context [4, 41] . The gathered information about nonrespondents does not provide an assured causal explanation for the return behavior because this paper was based on a cross-sectional study. Furthermore, the individual documentation by the hospital staff must be considered in a limitedly standardized context since this may also be prone to inaccuracies.
To conclude, in this breast cancer questionnaire survey, nonrespondents differed from respondents in age, disease stage, and general health, as well as type of surgery. Certain sample subgroups are therefore underrepresented, so that selection bias may occur. Hence, consideration must be given to the interpretation and generalizability of breast cancer survey results.
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